Background
==========

In 1961, Sarles et al. \[[@b1-poljradiol-82-233]\] coined the term idiopathic chronic pancreatitis in a patient who presented with obstructive jaundice and hypergammaglobulinaemia. Yoshida et al. \[[@b2-poljradiol-82-233]\] in 1995, introduced the term "autoimmune pancreatitis" (AIP). Today, AIP is recognised as a distinct form of rare fibroinflammatory subtype of chronic pancreatitis with typical imaging and histological findings. This disease entity has been associated with various names in the past, including sclerosing pancreatitis, tumefactive pancreatitis and non-alcoholic destructive pancreatitis. It has been most recently recognized as a IgG4-related disease. The purpose of this article is to acquaint the readers with the spectrum of imaging findings, both parenchymal and ductal changes, seen in AIP and enable them to differentiate it from entities that can mimic AIP or pancreatic malignancy.

Pathophysiology *--*
--------------------

No definite aetiology has yet been identified for this mysterious entity. An association with HLA serotypes DRB1\*0405 and DQB1\*0401 has been reported in the Japanese literature \[[@b3-poljradiol-82-233]\]. An autoimmune mechanism is the culprit and initial stimulus for the Th2-cell immune response \[[@b3-poljradiol-82-233]\].

There are two subtypes of autoimmune pancreatitis -- Type 1 and Type 2.

### Type 1 *--*

This is the more common type, seen generally in Asian populations. It is also known as IgG4-related lymphoplasmacytic sclerosing pancreatitis (LPSP). Type 1 AIP tends to affect older patients (\>50 years of age). Clinically, patients present with obstructive jaundice and chronic, mild, recurrent abdominal pain. Significant weight loss and severe abdominal pain is not a feature of AIP. It is also associated with elevated serum levels of IgG4. Classical histological findings are dense lymphoplasmacytic infiltration consisting mainly CD4+ T lymphocytes, fibrosis without granulocytic infiltration, storiform fibrosis, obliterative phlebitis and more than 10 IgG4-positive cells (HPF) ([Figure 1](#f1-poljradiol-82-233){ref-type="fig"}) \[[@b4-poljradiol-82-233]--[@b6-poljradiol-82-233]\]. Extrapancreatic organs are frequently involved at the time of initial presentation and they include the biliary tree (sclerosing cholangitis), chest (lung nodules, mediastinal fibrosis, adenopathy), retroperitoneum (retroperitoneal fibrosis, chronic periaortitis), salivary glands (sclerosing sialadenitis), kidneys (interstitial nephritis) and orbits (pseudolymphoma). Bowel involvement is rare. The response to steroids is poor with high relapse rates \[[@b3-poljradiol-82-233],[@b7-poljradiol-82-233]\].

### Type 2 *--*

This is a relatively recently described form of AIP, seen in Europeans and Americans \[[@b8-poljradiol-82-233]\]. It tends to affect younger patients with no gender preponderance. It is also known as idiopathic duct-centric pancreatitis or AIP with a granulocytic epithelial lesion (GEL). Clinically, patients present with acute pancreatitis, abdominal pain or with features suggestive of inflammatory bowel disease. Histologically, the inflammation is centred on the ducts with neutrophilic infiltration, plasma cells and microabscesses being a characteristic feature \[[@b9-poljradiol-82-233]\]. This can ultimately obliterate the pancreatic duct. It is different from Type 1 AIP as there is less inflammation and vasculitis. Inflammatory bowel disease is more often associated with Type 2 AIP. Dramatic response to steroid therapy is seen and relapse rates are very lower.

Imaging
=======

Contrast-enhanced computed tomography (CECT) is the investigation of choice to look for pancreatic parenchymal changes and exclude malignancy, while magnetic resonance cholangio-pancreatography (MRCP) or endoscopic cholangiography (ERCP) are useful in assessing the biliary and pancreatic duct abnormalities. However, in centres with expertise and experience in pancreatic imaging, one-stop imaging with contrast-enhanced MRI combined with MRCP can be done. The role of fluorodeoxyglucose-positron emission tomography (FDG-PET) in diagnosing AIP is of limited value. Reduced FDG uptake after a short course of steroid treatment, diffuse uptake, extrapancreatic uptake in other organs may be of some help in differentiating AIP from pancreatic cancer \[[@b10-poljradiol-82-233],[@b11-poljradiol-82-233]\]. A pictorial diagram showing patterns of AIP is depicted in [Figure 2](#f2-poljradiol-82-233){ref-type="fig"}.

Pancreatic parenchyma *--*
--------------------------

Three different forms of the disease process are recognised - diffuse, focal and multifocal disease. On imaging, diffuse involvement is seen as "sausage-shaped" enlargement with featureless and effaced normal lobular architecture of the pancreas ([Figures 3](#f3-poljradiol-82-233){ref-type="fig"}[](#f4-poljradiol-82-233){ref-type="fig"}--[5](#f5-poljradiol-82-233){ref-type="fig"}). Post contrast, reduced enhancement is seen in early phase with homogeneous enhancement in delayed phase. A halo of soft-tissue is seen around the enlarged pancreas, which may show delayed enhancement due to fibro-inflammatory cell infiltration around the pancreatic tissue. This rim is hypointense on T1 and T2-weighted images. Peripancreatic inflammation, calcification and pseudocyst formation is not a usual feature of AIP. In case of delayed presentation and after steroid therapy, atrophy of the pancreatic parenchyma is seen, which represents the late burnt-out stage of the disease process.

Focal or mass-forming AIP shows homogeneous enhancement of the lesion in delayed phase due to retention of contrast with no peripancreatic fat infiltration, vascular invasion and internal cystic or necrotic portion ([Figure 6](#f6-poljradiol-82-233){ref-type="fig"}). On arterial phase images, focal/mass forming AIP is hypovascular, similarly to pancreatic adenocarcinoma \[[@b12-poljradiol-82-233]\]. MRCP or EUS may show the main pancreatic duct penetrating through the mass lesion, suggestive of a positive duct penetrating sign in cases of focal AIP \[[@b13-poljradiol-82-233],[@b14-poljradiol-82-233]\]. Capsule-like rim may or may not be seen in mass-forming AIP. Choi et al. have shown that apparent diffusion coefficient (ADC) value less than 0.9407×10^−3^ mm^2^/s on diffusion-weighted MRI may be useful in differentiating mass-forming AIP from focal ductal adenocarcinoma. The hypothesis behind this phenomenon is an increased cellularity due to a dense infiltration of lymphocytes and plasma cells, chronic fibroinflammatory processes and edematous change seen in AIP \[[@b15-poljradiol-82-233]\]. However, there may be scenarios in which dual pathology -- AIP and ductal adenocarcinoma, coexist in a single patient \[[@b16-poljradiol-82-233]\]. Although previous studies have reported malignancies to be more common in IgG4-related diseases in comparison to the general population, cancer in AIP is either detected simultaneously or 3 to 5 years after the diagnosis of AIP \[[@b17-poljradiol-82-233]--[@b19-poljradiol-82-233]\]. Various malignancies that can be seen in association with AIP include non-Hodgkin lymphoma, including extranodal marginal zone B-cell lymphoma of the mucosa-associated lymphoid tissue type (MALT lymphoma), as well as non-lymphoid breast tumours, colorectal, lung, renal, and prostate tumours \[[@b20-poljradiol-82-233]--[@b22-poljradiol-82-233]\].

Ductal involvement *--*
-----------------------

Long (\>1/3 duct length) segment involvement or focal narrowing of the pancreatic duct or multiple strictures or substenoses in the affected segment without significant upstream dilatation (\<5 mm), side branches arising from the strictured segment and the duct-penetrating sign are hallmark findings of AIP in MRCP/ERCP. Ductal dilatation in AIP is less severe as compared to neoplastic pathologies involving the pancreas. In the multifocal variant of AIP, the main pancreatic duct is either normal or shows substenoses in the affected segments ([Figures 7](#f7-poljradiol-82-233){ref-type="fig"}[](#f8-poljradiol-82-233){ref-type="fig"}--[9](#f9-poljradiol-82-233){ref-type="fig"}).

The biliary tree can be simultaneously assessed in MRCP and ERCP. IgG4 sclerosing cholangitis is observed in a proportion of patients with AIP. The intrapancreatic portion of the common bile duct and proximal intrahepatic ducts are the most affected segments of the biliary tree. The affected segments of the biliary tree demonstrate irregular, long-segment, continuous strictures associated with contrast enhancement. The strictures may be confused with primary sclerosing cholangitis (PSC), but the strictures in PSC are typically short and band-like, multifocal and beaded in appearance with diverticula formation and peripheral pruning \[[@b23-poljradiol-82-233]\]. Extrapancreatic organs such as the biliary tree, liver, chest, retroperitoneum, salivary glands, kidneys and orbits may also be simultaneously involved and involvement of other organs may be a clue to the diagnosis of autoimmune aetiology ([Figures 10](#f10-poljradiol-82-233){ref-type="fig"}[](#f11-poljradiol-82-233){ref-type="fig"}--[12](#f12-poljradiol-82-233){ref-type="fig"}). The differential diagnosis of diffuse AIP includes mainly diffuse ductal adenocarcinoma and interstitial pancreatitis. The differential diagnosis of focal mass forming AIP consists of ductal adenocarcinoma, lymphoma and metastasis. Distal pancreatic glandular atrophy, abrupt pancreatic duct cut-off, biliary and pancreatic ductal dilatation, vascular and perineural invasion and abdominal lymphadenopathy are more commonly seen in pancreatic adenocarcinoma. Pancreatic adenocarcinoma is hypovascular in all phases, whereas the focal type of AIP shows some degree of contrast retention in delayed phase due to severe inflammation and fibrosis. On MRI, pancreatic adenocarcinoma appears hypointense on T2-weighted images, while early AIP may show a subtle T2 hyperintense signal due to inflammation \[[@b12-poljradiol-82-233],[@b27-poljradiol-82-233]\]. Diagnostic accuracy of the serum biomarker CA 19-9 is of limited value in differentiating focal AIP from pancreatic adenocarcinoma, as 9% of patients with AIP have elevated CA 19-9. However, patients with pancreatic cancer are more likely to have elevated CA 19-9 \>100 U/ml than AIP patients (71% *vs.* 9%) \[[@b28-poljradiol-82-233]\]. Significant peripancreatic stranding is seen in acute interstitial oedematous pancreatitis. The presence of elevated serum IgG4 levels and imaging findings of diffuse, poorly enhancing and sausage-shaped pancreas, dotted enhancement during the pancreatic phase and delayed enhancement secondary to fibrosis, homogeneous T2-weighted signal intensity, associated renal involvement would favour a diagnosis of autoimmune pancreatitis over primary pancreatic lymphoma \[[@b24-poljradiol-82-233]\]. Pancreatic metastases have nonspecific imaging appearance and may be hypovascular or hypervascular (depending upon the primary tumor), but a history of a known primary malignancy may be helpful in the diagnosis.

Diagnostic Criteria
===================

Diagnosis of AIP is based on a multi-disciplinary approach with a combination of imaging, serological, histopathological and clinical variables. Moreover, there are disparities in diagnosing AIP worldwide. The Japanese/Asian guidelines, revised in 2009 by Okazaki et al. \[[@b25-poljradiol-82-233]\], include only three criteria - imaging, serology and histology. The United States HISORt criteria \[[@b26-poljradiol-82-233]\], developed at the Mayo clinic, are based on 5 main diagnostic criteria: histological findings, imaging, serology, other organ involvement and response to steroid therapy.

In 2010, the International Association of Pancreatology (IAP) developed international consensus guidelines to classify definitive and probable AIP type 1 and 2 \[[@b9-poljradiol-82-233]\]. The IAP guidelines have taken 5 factors into consideration for diagnosing AIP -- imaging, serology, histology, extrapancreatic involvement and steroid responsiveness. For each criterion, there are two levels of evidence: typical or highly suggestive evidence (Level 1) and indeterminate/suggestive evidence (Level 2). Type 1 AIP can be confirmed with a variety of combinations of level 1 and level 2 evidence. Type 2 AIP requires imaging, histology or clinical history of inflammatory bowel disease \[[@b3-poljradiol-82-233],[@b9-poljradiol-82-233]\]. EUS-guided biopsy is indicated in indeterminate cases.

It is challenging to differentiate radiologically the two types of AIP. However, the published literature shows that a capsule-like rim or halo is more frequently seen in Type 1 AIP. The diffuse type is more common than the focal type in both groups \[[@b29-poljradiol-82-233]\]. No statistically significant differences were seen in ductal changes between the two types. A characteristic feature of type 2 AIP, compared to type 1 AIP, is a low frequency of obstructive jaundice, which is related to less common lower bile duct strictures due to a lower prevalence of pancreatic head swelling \[[@b30-poljradiol-82-233]\]. Inflammatory bowel disease appears to be particularly associated with type 2 AIP, which is seen in up to 48% of cases \[[@b31-poljradiol-82-233],[@b32-poljradiol-82-233]\]. Relapses are more common in type 1 and unusual in type 2. Extrapancreatic disease progression is more common in type 1 and unusual in type 2.

Recently, the Mayo Clinic has outlined strategies to divide patients into three categories to distinguish between AIP and pancreatic cancer. According to the Mayo Clinic strategy, patients can be divided into 3 groups: 1) highly suggestive of AIP, 2) indeterminate (supportive of AIP) and 3) highly suggestive of pancreatic cancer. All patients in groups 2 and 3 should undergo a work-up for pancreatic cancer (biopsy of the lesion, CA 19-9 level in serum, and metastasis evaluation) and also a work-up for AIP, because pancreatic cancer is more likely than AIP. The definitive diagnosis of AIP requires a pancreatic core biopsy, steroid trial and sometimes operative intervention \[[@b28-poljradiol-82-233],[@b33-poljradiol-82-233]--[@b35-poljradiol-82-233]\].

Some patients may present with features of ordinary chronic, calcific pancreatitis on imaging. Kawa et al. \[[@b36-poljradiol-82-233]\], in their study of 51 patients, found a high serum IgG4 concentration in 7.4% of patients with ordinary chronic pancreatitis, suggesting that an advanced stage of AIP with high serum IgG4 may result in the development of this condition. The hypothesis explaining such a nature of chronic pancreatitis changes is increased intraductal pressure, pancreatic juice stagnation leading to stone formation and pancreatic atrophy \[[@b37-poljradiol-82-233]\]. Hirano et al. \[[@b38-poljradiol-82-233]\] studied isk factors for stone formation in AIP and reported that changes in the character of pancreatic juice due to high alcohol consumption may in part contribute to stone formation in AIP.

In future, serum MAPK-associated miRNAs could become a noninvasive biomarker for the differentiation between pancreatic adenocarcinoma and AIP \[[@b39-poljradiol-82-233]\].

Conclusions
===========

AIP is a rare fibroinflammatory, mild variant of chronic pancreatitis. With the increasing use of imaging and improvements in patient care, a large number of patients are being diagnosed. Type 1 AIP is more common and is part of a IgG4-related, systemic disease. Type 2 AIP is difficult to diagnose and is more specific to the pancreas rather than being part of a systemic disease. Identifying imaging features supportive or suggestive of AIP may guide the clinician to making the correct diagnosis.

**Conflict of interest**

The authors declare that they have no conflict of interest.

![Histopathology slides showing (**A**) sheets of plasma cells (HE, 400×) (**B**) storiform fibrosis (HE, 100×) (**C**) obliterative phlebitis (HE, 200×) (**D**) IgG4 immunostaining (Brown staining) of plasma cells (LSAB method, 400×).](poljradiol-82-233-g001){#f1-poljradiol-82-233}

![Pictorial diagram showing various types of autoimmune pancreatitis (**A**) sausage-shaped pancreas with loss of lobulation and peripancreatic halo (**B**) multifocal strictures without upstream dilatation (**C**) mass-forming AIP with a positive duct penetrating sign.](poljradiol-82-233-g002){#f2-poljradiol-82-233}

![AIP with halo: (**A**) Axial contrast-enhanced CT image showing sausage-shaped pancreas, loss of lobulation and a hypodense peripheral soft-tissue rim (arrows) with no peripancreatic stranding; (**B**) Picture showing the shape of a sausage.](poljradiol-82-233-g003){#f3-poljradiol-82-233}

![Diffuse autoimmune pancreatitis: (**A**) Axial T1-weighted and (**B**) axial FIESTA MR image showing bulky pancreas with loss of lobulation (arrows) suggestive of AIP.](poljradiol-82-233-g004){#f4-poljradiol-82-233}

![Diffuse form of AIP: (**A**) Axial T2-weighted MR image showing bulky sausage-shaped, mildly hyperintense pancreatic parenchyma (dashed arrows) with a hypointense peripheral rim; (**B**) Diffusion-weighted MR image showing increased signal intensity (arrow) in the pancreas; (**C**) Apparent diffusion coefficient image showing low signal (arrow) suggestive of diffusion restriction.](poljradiol-82-233-g005){#f5-poljradiol-82-233}

![Mass-forming AIP: (**A**) Axial CECT pancreatographic phase showing hypovascular mass in the head of pancreas with a rim of soft tissue halo (arrow) around the lesion; (**B**) Delayed phase showing homogeneous enhancement of the mass lesion histopathologically confirmed to be mass-forming AIP.](poljradiol-82-233-g006){#f6-poljradiol-82-233}

![AIP with multifocal strictures: Coronal 2D-MRCP image showing multiple areas of strictures and substenoses (arrows) without upstream dilatation of the main pancreatic duct.](poljradiol-82-233-g007){#f7-poljradiol-82-233}

![Ductal involvement in AIP: Coronal 2D-MRCP image showing multiple areas of stricture (arrows) and side-duct ectasia involving the main pancreatic duct without significant upstream dilatation. Vascular impression seen in the biliary tree at the hilum (dashed arrow).](poljradiol-82-233-g008){#f8-poljradiol-82-233}

![Ductal involvement in AIP: Coronal 2D-MRCP image showing multifocal strictures involving the main pancreatic duct (arrows) and a smooth stricture in the intrapancreatic portion of the common bile duct (dashed arrow).](poljradiol-82-233-g009){#f9-poljradiol-82-233}

![AIP with retroperitoneal involvement: (**A**) Axial T1-weighted MR image depicting altered T1 signal with a bulky pancreatic tail (arrow) and minimal peripancreatic stranding; (**B**) T2-weighted MR image showing hypointense pancreatic parenchyma (arrow) with a hypointense rim (arrowhead); (**C**) Axial T1-weighted MR image showing soft tissue proliferation around the aorta suggestive of periaortitis (dashed arrow).](poljradiol-82-233-g010){#f10-poljradiol-82-233}

![AIP with biliary involvement: Axial contrast-enhanced CT image showing sausage-shaped bulky pancreatic tail (arrow) and skip areas of biliary dilatation (arrowhead).](poljradiol-82-233-g011){#f11-poljradiol-82-233}

![AIP with liver and renal involvement; (**A**) Axial contrast-enhanced CT image showing changes of autoimmune hepatitis with ascites; (**B**) Diffuse bulky enlargement of the pancreas (arrow); (**C**) Hypodense renal lesions (dashed arrows) in a case of IgG4-related systemic disease.](poljradiol-82-233-g012){#f12-poljradiol-82-233}
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